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EXPERIMENTAL SECTION 
 
General Procedures. THF and diisopropylamine were dried over sodium/benzophenone or 
CaH2 respectively. Triethylamine, 3-isocyanatopropyltriethoxysilane, bis(triphenylphosphine) 
dichloro-palladium(II), copper(I) iodide were purchased (Alfa and Aldrich) and used without 
further purification. 1,4-diethynyl-2,5-bis(octoxy)benzene i , 4,16-
diethynyl[2.2]paracyclophane ii  and 2-[ethyl(4-iodophenyl)amino]ethanol iii  were prepared 
according to the literature. Flash chromatography purifications were carried out on an Armen 
Spot II Ultimate instrument. 1H and 13C{1H} NMR spectra were recorded with a Brucker AC 
400 spectrometer. Chemical shifts (in δ units, ppm) are referenced to TMS using CHCl3 (δ = 
7.26 ppm) and CDCl3 (δ = 77.0 ppm) as the internal standards, respectively, for 1H and 
13C{1H} NMR spectra. IR spectra were recorded on a Perkin-Elmer 100 FT 
spectrophotometer. Absorption spectra were recorded on a Hewlett-Packard 8453 
spectrophotometer and fluorescence data were collected on a Perkin-Elmer LS55 fluorimeter. 
Mass spectrometry was carried out at the Laboratoire de Spectrometrie de Masse (Lyon, 
France) with a Thermo-Finnigan MAT95 apparatus in electronic impact ionization positive 
mode. Dynamic light scattering analysis were performed using a Cordouan Technologies DL 
135 Particle size analyzer instrument. 29Si and 13C CPMAS solid state NMR sequences were 
recorded with a VARIAN VNMRS300, using Q8MH8 and adamantane references 
respectively. 
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SYNTHESIS AND CHARACTERIZATION OF ORGANIC COMPOUNDS 
 
AZO. The aminobenzene precursor (2.1 g) was placed in a 100 mL two-neck round bottom 
flask with absolute ethanol (50 mL) and stirred under nitrogen flow at 54°C. Then, 3-
isocyanatopropyltriethoxysilane (2800 µL) was added through micropipette. Finally, the 
mixture was stirred overnight. The compound was stored in the fridge. The concentration was 
4.2 mg of AZO per 100 µL of EtOH (50 mL of EtOH for 2.1 g of AZO). 
 
Silylated CF. The two-photon fluorophore (CF) was prepared according to a Pd catalyzed 
double Sonogashira cross-coupling reaction in diisopropylamine at 50°C between 4,16-
diethynyl[2.2]paracyclophane with 2.4 equivalents of 2-[ethyl(4-iodophenyl)amino]ethanol 
for 72 h. The CF compound was obtained in 66% yield after a flash chromatography 
purification over a 15 µm spherical silica column with CH2Cl2-AcOEt solvent mixture 
according to the (1:0 v:v) to (1:1 v:v) elution gradient. CF was then reacted in triethylamine 
with 3-isocyanatopropyltriethoxysilane in refluxing THF during 72 h. The silylated CF was 
obtained in 95% yield after evaporation of the solvent (Scheme 1). 
 
 
Scheme S1 : Synthesis of CF. 
 
CF. In a 25 mL round-bottomed two-neck flask, 200 mg (0.781 mmol) of 4,16-
diethynyl[2.2]paracyclophane, 500 mg (1.718 mmol) of 2-[ethyl(4-iodophenyl)amino]ethanol, 
36 mg (0.052 mmol) of bis(triphenylphosphine)dichloropalladium (II) and 9 mg (0.052 
mmoles) of copper(I) iodide were introduced under nitrogen and dissolved into 6 mL of 
freshly distilled and degassed diisopropylamine. The mixture was stirred at 50 °C for 72 hours 
and filtered after cooling to room temperature over a silica gel plug eluted with 
dichloromethane-ethylacetate solvent mixture according to the (1:0 v:v) to (1:1 v:v) elution 
gradient. The filtrate was concentrated in vacuo and 298 mg of CF was obtained in 66% yield 
as a right green solid and will be used without further purification in the following step. 
     
16 
 
 
Silylated CF. In a 10 mL round-bottomed flask, 90 mg (0.155 mmol) of CF, 5 mL of freshly 
distilled THF, and 78 µL of 3-isocyanatopropyltriethoxysilane (0.309 mmol) were stirred 3 
days at 65°C under nitrogen conditions. After cooling, solvents were removed in vacuo and 
the product was used without further purification. Yield: 95 % (158 mg).1H NMR (400 MHz, 
CDCl3): = 7.48 (d, 3JH-H = 21.2 Hz, 2H, HPh), 7.03 (d, 3JH-H = 8.3 Hz, 2H, HPh), 6.79 (d, 3JH-
H = 8.4 Hz, 2H, HPh (central)), 6.56 (s, 2H, HPh (central)), 6.50 (d, 3JH-H = 14.1 Hz, 2H, HPh (central)), 
3.86 (q, 3JH-H = 7.0 Hz, 12H, O-CH2-CH3), 3.63 (t, 3JH-H = 9.0 Hz, 4H, COOCH2), 3.58-3.49 
(m, 8H, CH2-CH2 (central)), 3.32 (t, 3JH-H = 6.72 Hz, 6H, OCN-CH2), 3.21 (t, 3JH-H = 6.4 Hz, 4H, 
N-CH2-CH2-O), 3.05 (q, 3JH-H = 6.9 Hz, 6H, N-CH2-CH3), 1.79-1.68 (m, 4H, Si-CH2-CH2), 
1.28 (t, 3JH-H = 6.98 Hz, 18H, Si-O-CH2-CH3), 0.91 (t, 3JH-H = 6.4 Hz, 4H, N-CH2-CH3), 0.70 
(t, 3JH-H = 8.0 Hz, 4H, Si-CH2-CH2); 13C{1H} NMR (300 MHz, CDCl3) : =146.8, 140.6, 
138.4, 135.7, 132.1, 131.8, 128.6, 124.4, 92.7, 86.9, 59.2, 57.5, 57.4, 51.3, 44.6, 44.4, 42.0, 
33.2, 32.9, 24.1, 22.6, 17.4, 17.2, 11.2, 11.0, 6.5. UV/Vis max (THF) : 365 nm ; 
Emission (THF): max= 415 nm (excitation=388 nm) ; MS (EI) m/z (%) : 1077 (100) [M+], 540 
(30) ; HRMS (EI) : m/z calcd for C60H84N4O10Si2 : 1077.5804, found 1077.5818.  
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SYNTHESIS OF THE NANOMATERIALS 
 
MSN NPs. A mixture of cetyltrimethylammonium bromide (250 mg, CTAB), distilled water 
(120 mL), and sodium hydroxide (875 µL, 2 M) was stirred at 80°C during 50 minutes at 700 
Rpm in a 250 mL three neck round bottom flask. Then, tetraethoxysilane (1.2 mL, TEOS) was 
added to the aforementioned solution, and the condensation process was conducted for 2 h. 
Afterwards, the solution was cooled at room temperature while stirring; fractions were 
gathered in propylene tubes and collected by centrifugation during 15 minutes at 21 kRpm. 
The sample was then extracted twice with an alcoholic solution of ammonium nitrate (6 g.L-1, 
NH4NO3), and washed three times with ethanol, water, and ethanol. Each extraction involved 
a sonication step of 30 minutes at 50°C in order to remove the CTAB surfactant; the 
collection was carried out in the same manner. The as-prepared material was dried under air 
flow few hours. 
 
MCF NPs. A mixture of cetyltrimethylammonium bromide (345 mg, CTAB), and sodium 
hydroxide (20 mL, 0.2 M) was stirred at room temperature during 50 minutes at 700 Rpm in a 
500 mL three necks round bottom flask. Then, an alcoholic solution of the silylated CF (n0 = 
6.4*10-5 mol, in 0.8 mL THF), and the stirring speed was changed to 1000 Rpm. One minute 
later, tetraethoxysilane (1.8 mL, TEOS) was added to the aforementioned solution, and after 
40 seconds, an aqueous solution (130 mL) was poured out. The solution was then heated 
through a hair drier (T0=25°C, T’=28-30°C in 1-2 min), in order to trigger the condensation 
process. After 5 minutes 30 seconds of reaction, a solution of hydrochloric acid (18 mL + 
aliquots of HCl 0.2 M) was added to quench the reaction by reaching a pH of 6.9. Fractions 
were gathered in propylene tubes and collected by centrifugation during 15 minutes at 21 
kRpm. The sample was then extracted twice with an alcoholic solution of ammonium nitrate 
(6 g.L-1, NH4NO3), and washed thrice with ethanol, water, and ethanol. Each extraction 
involved a sonication step of 30 minutes at 50°C in order to remove the CTAB surfactant; the 
collection was carried out in the same manner. The as-prepared material was dried under air 
flow few hours.  
 
MSN-AZO NPs. MSN NPs (55 mg) were mixed with the alkoxysilylated azobenzene 
(3.4*10-5 mol) in anhydrous toluene (10 mL), and stirred two days at 95°C.The sample was 
collected by centrifugation during 15 minutes at 21 kRpm, and washed three times with 
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ethanol, water, and acetone. The as-prepared material was dried under air flow few hours. The 
yield of the grafting was determined to be of 82% via UV-Visible azobenzene measurements 
of the supernatants. 
 
MCF-AZO NPs. MCF NPs (55 mg) were mixed with the silylated azobenzene (3.4*10-5 mol) 
in anhydrous toluene (10 mL) and stirred overnight at 95°C.The sample was collected by 
centrifugation during 15 minutes at 21 kRpm, and washed three times with ethanol, water, and 
acetone. The as-prepared material was dried under air flow few hours. The yield of the 
grafting was determined to be of 92 % via UV-Visible azobenzene measurements of the 
supernatants. 
 
PI LOADED MCF-AZO@CD NPs. MCF-AZO NPs (50 mg) were mixed with the 
propidium iodide dye (5.5*10-6 mol) in deionized water (1 mL), and stirred two days at room 
temperature. Then, an aqueous solution of -cyclodextrine (8.8*10-3 mol) was added to the 
aforementioned preparation, and allowed to stir for 24 h. The nanomachines were collected by 
centrifugation for 15 minutes at 21 kRpm, and washed three times with deionized water, and 
dried under air flow few hours. The one-photon triggered release was performed on the as-
prepared nanomaterials. 
 
CPT LOADED MSN-AZO@CD NPs. MSN-AZO NPs (25 mg) were mixed with the 
camptothecin (8.6*10-6 mol) in dimethylsulfoxide (DMSO, 1 mL), and stirred two days at 
room temperature. Then, an aqueous solution of -cyclodextrine (8.8*10-3 mol) was added to 
the aforementioned preparation, the mixture was then stirred and sonicated, and was allowed 
to stir on ice for 24 h to maximize the association of β-cyclodextrine and the formation of 
pseudorotaxanes. The nanomachines were collected by centrifugation for 15 minutes at 21 
kRpm, washed with DMSO (without sonication), deionized water twice, and finally dried 
under air flow few hours.  
 
CPT LOADED MCF-AZO@CD NPs. MCF-AZO NPs (25 mg) were mixed with the 
camptothecin (8.6*10-6 mol) in dimethylsulfoxide (DMSO, 1 mL), and stirred two days at 
room temperature. Then, an aqueous solution of -cyclodextrine (8.8*10-3 mol, 2 mL) was 
added to the aforementioned preparation, and allowed to stir for 24 h. The nanomachines were 
collected by centrifugation for 15 minutes at 21 kRpm, and washed with DMSO, and twice 
with deionized water, and dried under air flow few hours.  
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MFITC NPs. First, 3-aminopropyltriethoxysilane (6 µL, 3.9*10-5 mol) was added in an 
ethanol solution (3 mL) of fluorescein (FITC, 7*10-6 mol), and stirred for 2 hours. Then, 
tetraorthosilicate (1.2 mL) was added to the aforementioned preparation; the resulting mixture 
is called solution A. Secondly, in another container, cetyltrimethylammonium bromide (250 
mg) was mixed with deionized water (120 mL), and sodium hydroxide (0.9 mL, NaOH 0.2 
M). The solution was heated to 80°C while stirring and the solution A was added dropwise, 
and the condensation process was conduced for 2h. Afterwards, the solution was cooled at 
room temperature while stirring; fractions were gathered in propylene tubes and collected by 
centrifugation during 15 minutes at 21 kRpm. The sample was then extracted twice with an 
alcoholic solution of ammonium nitrate (6 g.L-1, NH4NO3), and washed three times with 
ethanol, water, and ethanol. Each extraction involved a sonication step of 30 minutes at 50°C 
in order to remove the CTAB surfactant; the collection was carried out in the same manner. 
The as-prepared material was dried under air flow few hours. 
 
MFITC-AZO NPs. MFITC NPs (50 mg) were mixed with the alkoxysilylated azobenzene 
(3*10-5 mol) in anhydrous toluene (10 mL), and stirred two days at 95°C. The sample was 
collected by centrifugation during 15 minutes at 21 kRpm, and washed three times with 
ethanol. The as-prepared material was dried under air flow few hours.  
 
MFITC-AZO@CD NPs. MFITC-AZO NPs were mixed with β-cyclodextrine (4.4*10-5 
mol) in an aqueous solution (4 mL). Finally, the mixture was then stirred and sonicated, and 
was allowed to stir on ice for 12 h to maximize the association of β-cyclodextrine and the 
formation of pseudorotaxanes. The nanoparticles were separated from solution via 
centrifugation and were then washed with water three times. MFITC-AZO@CD NPs were 
dried overnight under vaccum. 
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TWO-PHOTON EXPERIMENTAL SETTINGS 
 
TWO-PHOTON FLUORESCENCE IMAGING. The day prior to the experiment, MCF7 
cells were seeded onto bottom glass dishes (World Precision Instrument, Stevenage, UK) at a 
density of 106 cells.cm-2. Adherent cells were then washed once and incubated in 1 mL 
medium containing nanovalves at a concentration of 40 μg.mL-1 for 20 h. Fifteen min before 
the end of incubation, cells were loaded with Cell Mask (Invitrogen, Cergy Pontoise, France) 
for membrane staining at a final concentration of 5 μg.mL-1. Before visualization, cells were 
washed gently with phenol red-free DMEM. Cells were then scanned with a LSM 780 LIVE 
confocal microscope (Carl Zeiss, Le Pecq, France), at 760 nm with a slice depth (Z stack) of 
0.62 μm. 
 
TWO-PHOTON INDUCED DRUG DELIVERY. MCF-7 human breast cancer cells were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal 
bovine serum and 50 µg.mL-1 gentamycin. All cells were allowed to grow in humidified 
atmosphere at 37°C under 5% CO2. For in vitro phototoxicity, MCF-7 cells were seeded into 
a 384 multiwell glass-bottomed plate (thickness 0.17 mm), with a black polystyrene frame, 
2000 cells per well in 50 µL of culture medium, and allowed to grow for 24 h. Nanovalves 
loaded with camptothecin were then dispersed under ultrasounds in PBS at a concentration of 
1 mg.mL-1 and cells were then incubated for 20 h with or without nanovalves at a final 
concentration of 40 µg.mL-1 in DMEM. After incubation with nanovalves, cells were washed 
twice, maintained in fresh culture medium, and then submitted (or not) to laser irradiation; 
with the Carl Zeiss Microscope (laser power input 3W). Half of the well was irradiated at 760 
nm by three scans of 1.57 s duration in 4 different areas of the well. The laser beam was 
focused by a microscope objective lens (Carl Zeiss 10x , NA 0.4). After 2 days, the MTT 
assay was performed and was corrected.  
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MCF NANOMATERIAL FULL CHARACTERIZATION 
 
 
 
Figure S1. TEM images of MCF NPs (A-B). The size monodispersity of the sample is 
confirmed via DLS (C). The mesoporosity is demonstrated by N2 Adsorption-Desorption (D-
F), and small angle XRD (E). 
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MSN NANOMATERIAL FULL CHARACTERIZATION 
 
 
 
 
Figure S2. TEM images of MSN NPs (A-B). The size monodispersity of the sample is 
confirmed via DLS (C). The mesoporosity is demonstrated by N2 Adsorption-Desorption (D-
F), and small angle XRD (E). 
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ONE-PHOTON RELEASE EXPERIMENT SETTINGS 
 
 
Figure S3. One-photon triggered release of propidium iodide via nanovalves. 
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TWO-PHOTON PRECURSOR AND NANOMATERIALS PROPERTIES 
 
 
SAMPLE abs (nm) 
em 
(nm) 
F a 
(%) 
ET 
(%)
2max b 
(GM) 
CF 385 415 68 - 130 
MCF NPs 360 425 39 - 101 
MCF-AZO@-CD NPs 360 428 0.2 99 _ 
 
Table S1. Photophysical properties of the CF precursor in THF, the MCF and the MCF-
AZO@CD NPs in EtOH. The absorption and emission maxima are given along with the 
fluorescence quantum yield (F), the energy transfer quantum yield (ET), and the maximum 
two-photon cross section (2max). a Standard : quinine bisulfate in H2SO4 0,5M. b per 
fluorophore. 
 
 
 
 
Figure S4. Fluorescent emission spectra of the CF precursor in tetrahydrofurane (A), as well 
as the two-photon cross section spectra in tetrahydrofurane (B). 
 
 
AZOBENZENE FUNCTIONALIZED NANOMATERIALS 
 
 
Figure S5. UV-Visible spectra of MSN NPs, azobenzene precursor, and azobenzene 
functionalized MSN NPs in ethanol (A). Solid state nuclear magnetic resonance 29Si CPMAS 
spectra on MCF, MSN-AZO@CD+CPT, and MCF-AZO@CD NPs. 
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BETA-CYCLODEXTRINE COMPLEXED NANOMATERIALS 
 
 
Figure S6. IR spectra of MCF-AZO NPs, -cyclodextrine precursor, MCF-AZO@CD, and 
the MSN-AZO@CD. The -cyclodextrine complexation is suggested by both the 
disappearance of some azobenzene vibration mode (■), as well as two additional modes of the 
-cyclodextrine molecules (▼). 
 
Figure S7. Solid state NMR 13C CPMAS spectra comparison demonstrating the -
cyclodextrine complexation on the MCF-AZO@CD, and the MSN-AZO@CD nanovalves. 
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Figure S8. Dynamic light scattering measurements for MSN NPs, MSN-AZO NPs, and 
MSN-AZO@CD +CPT NPs. The increasing trend of the maximum populations validated 
the -cyclodextrine complexation of the grafted azobenzene moieties. 
 
ONE-PHOTON CELLULAR UPDTAKE OF THE NANOVALVE 
 
 
Figure S9. In vitro controls of fluorescein organosilica nanovalves (MFITC-AZO@CD) in 
MiaPaca cells. Cells were incubated for 24 h with 30 µg.mL-1 of MFITC-AZO@CD, and 
fixed for one-photon fluorescence imaging.  
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